VACCINE COMPOSITION, HIV-INFECTION SUPPRESSION FACTOR AND METHOD 
FOR THE VACCINATION AGAINST HIV 



5 FIELD OF THE INVENTION 

This application claims the benefit of U.S. Provisional Application No. 60/429,213 
filed November 25, 2002. The present invention relates to a vaccine composition, a 
HIV-infection suppression factor and a method for the vaccination against HIV More 
specifically, the vaccine composition and the method of the vaccination relate to a dendritic 
10 cell (DC) based vaccination using DC pulsed with inactivated human immunodeficiency 
virus (HIV). 

BACKGROUND OF THE INVENTION 

Mice with severe combined immunodeficiency (SCID), when adoptively transferred 

15 with human peripheral blood mononuclear cells (PBMC), develop a surrogate human 
immune system. These mice, termed hu-PBLrSCID mice, have served as a valuable model 
for the study of human immunodeficiency virus type-1 (HIV-l) pathogenesis (l, 2). It has 
been shown that the human T cells transplanted into a SCID mouse are activated (3) and 
proliferate in response to mouse antigens presented by antigen presenting cells (APC) of 

20 mouse origin (4). Trials have been made to induce human immune responses in the 
hu-PBL-SCID mice (5-8). There are two major limitations to developing strong human 
immune responses in the hu-PBL-SCID mice. The first may be due to the lack of 
appropriate human APC, including DC, while the second is the lack of a suitable 
microenvironment, such as normal lymphoid organs (4). Both may facilitate primary 

25 interaction between T cells and APC. To overcome the lack of APC, Delhem et al. (9) have 
used autologous skin containing tissue DC as APC sources and have succeeded in induction 
of primary MHC-restricted human T cell responses against HIV-l envelope in the 
hu-PBL-SCID mice. Furthermore, Santini et al. (10) have recently reported that 
HIV-l-pulsed, monocyte-derived human mature DC can stimulate primary human 

30 anti-HIV-1 antibody production in the SCID mouse system. 

Because the hu-PBL-SCID mice are permissive for macrophage-tropic R5 HIV-l (ll), 
this animal model should provide us with valuable information in evaluating HIV-l vaccine 
candidates. Despite success in the induction of such human T and B cell immune responses 
against HIV-l, it has not been possible to induce a protective immunity against HIV-l in this 

35 animal model. In the present study, we found that transfer of PBMC, together with 



inactivated HIV-l-pulsed DC, directly into the mouse spleen elicited a protective immune 
factor against R5 HIV-1 infection. The factor was mainly produced by human CD4+ T cells 
in response to HIV-1, and is unrelated to known R5 HIV-1 suppressive cytokines. The 
present results implicate a new concept on a DC-based HIV1 vaccination in humans. 

5 

SUMMARY OF THE INVENTION 

The present invention provides a vaccine composition comprising autologous 
mature DC pulsed with inactivated HIV. 

The present invention also provides an HIV-infection suppression factor which is 
10 produced by human CD4+ pulsed with inactivated HIV, has a molecule weight of more than 
100 kDa, is not absorbed to heparin-Sepharose columns, and is inactivated by heating at 56 
degree Celsius for 30 min. 

Further, the present invention provides a method for the vaccination against HIV 
comprising: collecting PBMC from a subject to be vaccinated, culturing the PBMC in 
15 medium containing GM-CSF and human IL-4 to prepare autologous mature DC, pulsing the 
DC with inactivated HIV, and administering the DC to the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A, IB and 1C. are the graphs showing induction of antigen-specific human 

20 immune responses in the hu-PBL-SCID-spl mice by immunization with antigen-pulsed DC. 
(Figure 1A) PBMC (3 X 10^ cells) only (non-immune), PBMC and OVA 100 fig 
(OVA-immune), or PBMC and DC (5 X 10^ ce ll 8 ) pulsed with OVA 100 fig (DC-OVA 
immune) were engrafted into the spleens of SCID mice. Five days later, mice were received 
a booster injection with OVA or DC-OVA. Then 5 days later, serum samples were collected, 

25 and human anti-OVA antibodies were measured by ELISA. *p < 0.05 

(Figure IB) Lymphocytes (2 X 10 6 cells) recovered from the hu-PBL-SCID-spl mice were 
cultured with 2 X 10 5 autologous APC (adherent cells of PBMC) in the presence 
(restimulation (+) ) or absence (restimulation (-)) of 1 ng/ml OVA at 37°C for 2 days in 1 ml 
20 U/ml human ILr 2-containing RPMI medium. APC only, without lymphocytes from the 

30 mice. *p < 0.05. 

(Figure 1C) Lymphocytes (2 X 10 6 cells) recovered from the hu-PBL-SCID-spl mice 
immunized with either DC-OVA or DC-AT-2 inactivated HIVIjr-csf were restimulated as (B) 
in the presence of OVA or AT- 2 inactivated HIV1 (40ng p24), respectively, for 2 days. 
Concentrations of human IFN-gamma in the culture supernatants were determined by 
35 ELISA. All results are expressed as mean ± SD from six independent experiments. *p < 
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0.05. 



Figure 2A illustrates human CD4 + T cells from HlVl-protected hu-PBLrSCID-spl 
mice express CCR5 and are permissive for R5 HIV-1 infection in vitro. 
5 (Figure 2A) Lymphocytes recovered from the hu-PBL-SCID-spl mice immunized with 
DC-OVA, or DC-HIV-Ijr csf, were stained with anti-CD4, anti-CCR5 and anti-CXCR4. The 
expression profiles of CCR5 and CXCR4 on the CD4+ T cells are shown. Representative data 
of four independent experiments. 

Figure 2B is the graph showing the number of lymphocytes from hu-PBL-SCID 

10 mice immunized with OVA, R5 HIV-1 or X4 HIV-1. 

(Figure 2B) Lymphocytes recovered from the hu-PBL-SCID-spl mice immunized with 
DC-OVA, DC-HIV-Ijrcsf, or DC-HIV1nl4-3 were washed, and infected with 500 TCID50 
HIVIjr-csf at 37^ for 4 h. After washing, the cells were cultured for 5 days in 20 U/ml 
IL-2-containing RPMI medium. HIV1 p24 produced in culture supernatants were measured 

15 by ELISA. Representative data of three independent experiments. 

Figure 3 is the graph showing inhibition of R5 HIV-1 infection by the HIV1 
immune serum. Activated PBMC (5 X 10 5 cells/well) were incubated in medium or final 
20% serum samples obtained from either DC-OVA immune or DC-HIV1jr-csf immune 
hu-PBL-SCID-spl mice at 37°C for 1 h. Without washing, the PBMC were infected with 

20 SOOTCIDso HIV-1 jr-csf at 37 °C for 4 h. After washing, cells were incubated in 
IL-2-containing medium for indicated periods. Proliferation of HIV1 was monitored by 
quantitating HIV1 p24 in the culture supernatants. Representative data of three 
independent experiments. 

Figure 4 is the graph showing inhibition of R5, but not X4, HIV1 by the HIV-1 

25 immune serum. Activated PBMC were treated with 10% pooled serum samples obtained 
from DC-HIV-1 jr-csf immune hu-PBL-SCDLspl mice at 37°C for 1 h. Then the PBMC were 
infected with 500 TCID50 HIV-1 (the R5 stains JR-CSF, JR-FL and SF162, and the X4 
strains NL4-3 and IIIB) at 37 V, for 4 h. After washing, cells were incubated in 
IL-2-containing medium for 5 days, and HIV1 p24 in the culture supernatants was 

30 determined. The HIV1 suppressive activities of the serum preincubated with a mixture of 
anti-beta chemokine antibodies (+Ab) were also shown. Percent inhibition was calculated 
against the medium controls: JR-CSF, 18.7 ng/ml; JR-FL, 7.6 ng/ml; SF162, 6.6 ng/ml; NL4-3, 
18.3 ng/ml; and IIIB, 10.2 ng/ml. Results are expressed as the mean ± SD from six 
independent experiments. 

35 Figure 5 is the graph showing blocking of R5 HIV-1 infection in macrophage. 
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Cultured were preincubated in medium (lane l), the pooled serum samples from 
DOHIV-Ijr-csf immune SCID mice in the absence (lane 2) or presence (lane 3) of a mixture 
of the antr|J chemokines (Ab), and then infected with R5 HIV-1 strains (JR-FL, SF-164 and 
JR-CSF) or X4 HIV-Inu-3- After washing, the cells were cultured for 2 days and cellular DNA 
5 were proved for the copy number of HIV-1 provirus and actin. The estimated HIV-1 copy 
numbers per 10,000 actin were shown in the right. Representative data of three independent 
experiments. 

Figure 6A is the graph showing %inhibition of R5 HIV-1 and X4 HIV-1 in each cell 
population producing the suppression factor. 

10 (Figure 6A) Lymphocytes from DOHIV-Ijr-csf immune hu-PBL-SCID-spl mice were 
positively separated into human CD4 + T and CD8 + T cell subpopulation by a magnet beads 
method. Non-separated (lymphocytes), CD4 + T and CD8 + T cells (2 X 106 ce lls) were 
cultured with autologous APC (2 X 10 5 cells) in the presence of AT-2 inactivated HIV1 
(40ng p24) for 2 days in 1 ml IL-2-containing medium. Activated PBMC were pretreated 

15 with these culture supernatants (final 50% concentration) in the absence or presence (+Ab) 
of a mixture of anti-beta chemokine neutralizing antibodies, and then infected with either 
500 TCID50 HIV-Ijr csf or HIV-lNu-a After washing, PBMC were cultured for 5 days, and 
HIV-1 p24 produced in the culture supernatants was measured. DOHIV-1 immune serum 
(20%) was used as a positive control. The percent inhibition was calculated against the 

20 medium controls, 19.4 ng/ml for JR-CSF, and 25.9 ng/ml for NL4-3. 

Figure 6B is the graph showing % HIV-1 inhibition in each donor. 
(B) Sera (20%) and culture supernatants (50%) of restimulated CD4 + T cells from the 
DC-HIV-ljR-csF-immune hu-PBLrSCID-spl mice reconstituted with PBMC and DC from four 
different donors were examined for the suppressive activity against HIV-Ijr csf infection of 

25 PBMC. Percent HIV1 inhibition was calculated against the medium control, p24 value of 
23.4 ng/ml. 

Figure 7A is the graph showing partial characterization of the HIV-1 suppression 

factor. 

(Figure 7A) The immune serum and the in vitro restimulated culture supernatants from 
30 DC-HIVl jr-csf immune hu-PBL-SCID-spl mice were heated, or separated into 
heparin-binding and -unbinding fractions by passing the heparhrSepharose column. The 
heparin-bound fraction was eluted in 2 M NaCl buffer. PBMC were pretreated with these 
samples (at final 20% serum and 50% culture supernatants) in the absence or presence 
(+Ab) of the mixture of anti-beta chemokine antibodies, infected with 500 TCID50 HIVIjr csf, 
35 and then cultured for 5 days. The. percent inhibition was calculated against the medium 
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control, p24 value of 22.3 ng/ml. 

Figure 7B is the graph showing % HIV inhibition in antibody test of the HIV-1 
suppression factor. 

(Figure 7B) The pooled sera (10%) from the DC-HIV-ljR-csF-immune hu-PBL-SCID-spl mice 
5 were preincubated with each anti-human cytokine antibody at 10 ^ig/ml, and then were 
examined for the suppression activity against HIV-Ijr-csf infection of PBMC. 

Figure 7C is the graph showing % HIV inhibition of the HIV1 suppression factor in 
each molecular weight fraction. 

(Figure 7C) The pooled sera from the DC-HIVljR-csF-immune hu-PBL-SCID-spl mice were 
10 passed through the heparin Sepharose column and then serially filtrated through the 
Centricon with 100, 50 and 10 kDa cut-off filters. The fractions were examined for the 
suppressive activity against HIV-Ijr-csf infection of PBMC at 10% concentration. 
Representative data of four independent experiments. 

Figure 8 is the graph showing no effect of the suppression factor on CCR5 and CD4 
15 expression on macrophages. Macrophages cultured for 5 days in M-CSF were treated with 
either the serum (10%) or the in vitro restimulated CD4 + T cell culture supernatants (50%) 
originated from the DOHIV-Ijr-csf immune hu-PBL-SCID mice at 37*0 for 1 h. Then cells 
were FcR-blocked and stained with anti-CCR5 (Panel A) and anti-CD4 (Panel B). 
Representative data of four independent experiments. 
20 Figure 9 is Table 1 showing levels of beta-chemokines in sera from the 

DC-OVA-immunized mice. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Materials and Methods) 
25 Mice 

SCID mice used were C.B-17- scid mice were purchased from Crea Japan 
(Kanagawa, Japan). NOD/Shi scid, eg 7 " (12) and BALB/c-rag2 / " gc v " mice (13) were also used 
in the study. The mice were kept in the SPF and P3 animal facilities at the Laboratory 
Animal Center, University of the Ryukyus. The committee on animal research of 
30 University of the Ryukyus approved protocols for the care and use of hu-PBL-SCID mice. 
Natural killer cells in the C.B-17 scid mice were depleted by i.p. injection of 1 mg/animal rat 
anti-mouse IL-2R-beta (TM-beta-l) (14). 
Reagents 

RPMI 1640 medium (SIGMA, St. Louis, MO) supplemented with 5% fetal calf 
35 serum, 100 U/ml of penicillin and 100 jug/ml of streptomycin (hereinafter called RPMI 
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medium), Iscove's modified Dulbecco's medium (Lifetechnology, NY) supplemented with 10% 
fetal calf serum with the antibiotics (hereinafter called Iscove's medium) were used. 
Neutralizing monoclonal antibodies (mAb), anti-human MIP-lcc, human MIP-1(3, human 
IL-4, human IL-10, human IL-12, human IL-13, human IL-16, human MCP-1 and human 
5 MCP-3, were purchased from R&D systems (Rockville, MD). Goat anti-human IFN-alpha 
and IFN-beta were purchased from PEPRO TECH EC LTD (London, UK). Human IL-4 and 
GM-CSF were generated in COS cell cultures transfected with expression plasmid DNA, 
pCMhIL4 and pCMhGM (RIKEN Gene Bank, Ibaraki, Japan), respectively, by the 
FuGENE6 method (Roche Diagnosis Corporation, Indianapolis, IN). Concentrations of 
10 human IL-4 and GM-CSF were determined using commercial ELISA kits (BioSouce, 
Camarillo, CA). Human recombinant IL-2 and M-CSF were purchased from Shionogi 
(Osaka, Japan) and PEPRO TEC, respectively. 
Virus 

HIV-Ijr-csf and HIV-1jr-fl (15) and HIV-1nl4- 3 (16) were produced in 293T cell by 
15 transfection with HIV-1 infectious plasmid DNA by a calcium phosphate method (17). 
HIV-1sfi62 (18) was produced in phytohemagglutinin (PHA)- stimulated PBMC. HIV-Iiiib was 
harvested from Molt-4/IIIB cells. The 50% tissue culture infectious dose (TCID50) was 
determined by an endpoint infectious assay using PHA-activated PBMC. As immunogen, 
HIV-1 stocks were prepared in autologous PBMC cultures activated with anti-CD3 mAb. 
20 These HIV-1 preparations were inactivated with aldorichol-2 (AT- 2), as described Rossio et al. 
(19). AT-2 was removed by ultrafiltration in phosphate-buffered saline (PBS) using 
100-kDa cut-off centrifugal filtration device (Centriprep 100; Amicon, Beverly, MA) for 3 
times. 

Generation of monocyte'derived DC 

25 Fresh PBMC at 5X10 6 cells/ml in RPMI medium were plated on 12-well plates 

(1 ml/well), which had been coated with autologous plasma for 30 min at 37°C, and cultured 
at 37°C for 1 h. After gentle washing with serum-free RPMI- 1640 medium, the adherent 
cells were cultured in Iscove's medium (2 ml/well) containing human GM-CSF (500 ng/ml) 
and IL-4 (200 ng/ml) for 5 days. Immature DC cultures were depleted of contaminating 

30 lymphocytes using the monocyte negative isolation kit (Dynal, Oslo, Norway), and were 
further cultured in human IFN-D (1,000 U/ml; Toray, Tokyo, Japan) for 1 day to obtain 
mature DC, after the method originally described by Santini et al. (10). 
Transplantation, immunization and infection 

Mature DC (5X 10^ cells) were pulsed with AT-2 inactivated HIV-1 (40 ng p24) or 

35 100 ng of OVA, for 2 h at 37^ in 100 jul RPMI medium. These DC were mixed with 
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autologous fresh PBMC (3X 10 6 cells) in a final volume of 100 jxl, and then were transferred 
into the spleen of SCID mice. Five days later, the same number of DC pulsed with antigen 
were inoculated into the spleen or peritoneal cavity. Five days later, some mice were 
sacrificed and blood were collected by cardiocentesis and human lymphocytes were recovered 
5 from peritoneal lavage and the spleen. The other mice were challenged i.p. with 1000 TCID50 
HIV-Ijr-csf (100 ^1/animal). After 7 days, serum and human lymphocytes from peritoneal 
lavage and spleen were collected. The peritoneal lavage fluids, sera and lymphocyte culture 
supernatants were examined for HIV1 p24 by an ELISA kit (Zepto Metrix, Buffalo, NY). 
Fresh lymphocytes were examined for proviral DNA by a quantitative PCR (20). Target 

10 cells used for in vitro infection assays were normal PBMC activated with magnetic beads 
conjugated with anti-CD3 and anti-CD28 mAb (Dynal, Oslo, Norway) at cell to bead ratio of 
i:i in 20 U/ml human IL-2-containing RPMI medium for 3 days. Some experiments 
utilized cultured macrophages derived from normal human PBMC, which were prepared by 
culturing adherent PBMC in 20 ng/ml human M-CSF for 5-7 days. These activated PBMC or 

15 cultured macrophages (5X 10 5 cells) were preincubated in 50 yl medium, diluted serum and 
culture supernatant samples at ZTC for 1 h in 96 well U-bottom microtiter plates (BD 
Pharmingen, San Diego, CA). Then 50^1 HIV-1 stock containing 500 TCID50 HIV-1 was 
added to each well. After incubation at 37°C for 3 h, the cells were washed three times and 
cultured in 20 U/ml IL-2-containing RPMI medium for 3-5 days. HIV-1 proliferation was 

20 monitored by quantitating HIV-1 p24 produced in the culture supernatants. In order to 
determine the inhibitory effects of defined anti-human cytokine antibodies on the present 
HIV-1 suppression factor, the serum and the restimulated culture supernatants were 
preincubated with 10 ng/ml of cytokine neutralizing antibodies on ice for 30 min, and then 
applied to infection assays. 

25 In vitro re- stimulation 

For the measurement of antigen specific human cellular immune responses, 
lymphocytes (2 X 10 6 cells) collected from spleen and peritoneal lavage of the immunized 
mice were cultured with 2X 10 5 autologous APC (adherent cells of PBMC) in the presence 
or absence of either 1 \ig OVA or AT-2 inactivated HIV-1 containing 40 ng p24 in the 24 well 

30 plates (BD Pharmingen, San Diego, CA) in 1 ml 20 U/ml human IL-2-containing RPMI 
medium at 37°C for 2 days. The concentration of human IFN-gamma produced in the 
culture supernatants was determined by commercial ELISA kits (R&D Systems, Rockville, 
MD). For the preparation of the soluble HIV1 suppression factor in vitro, the immune 
human lymphocytes, unseparated, CD4 + T or CD8 + T cells purified by the magnetic 

35 beads-positive selection method (Dynal, Oslo, Norway) were cultured in 12-well plates (BD 
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Pharmingen, San Diego, CA) in the presence of APC and antigen as stated above. 
Assay for cytokines and antibodies 

Commercial kits for human TNF-alpha, IFN-alpha, IFN-gamma, IL-4, IL-10, IL-12, 
IL-13, IL-16, MIP-1-alpha, MIP-1-beta, RANTES, MCP-1 and MCP-3 (Biosource, CamariUo, 
5 CA) TGF-beta (R&D systems, Rockville, MD) and IFN-beta (Fuji Rebio, Tokyo, Japan) were 
employed. All assays were performed in accordance with the manufacturer's instructions, 
and cytokine levels were calculated by comparison to standard curves using recombinant 
cytokines. For depletion of human beta-chemokines, heparin-Sepharose (Pharmacia, 
Japan) was used. Bound materials were eluted from the column in 2 M NaCl-containing 

10 PBS. For the measurement of OVA specific human antibodies, serial dilutions of serum 
samples were added to 96-well ELISA microtiter plates (NUNC, Rochester, NY) precoated 
with 10 jig/ml OVA at 37°C for 2 h. Bound human antibody was developed with goat 
anti-human IgG horseradish peroxidase conjugates (American Qualex, San Clemente, CA), 
followed by incubation in a buffer containing tetra-methylbenzidine (Sigma, St. Louis, MO) 

15 and hydrogen peroxide (Wako pure chemical industries Inc., Osaka, Japan). HIV-1 specific 
human antibodies were detected by western blot assay using Lav Blotl (Fiji Rebio co. Ltd., 
Tokyo, Japan). 
Flow cytometry 

For analysis of the CCR5, CXCR4 and CD4, cell samples were incubated in 0.1 
20 mg/ml normal human IgG in FACS buffer (PBS containing 2% FCS and 0.1% sodium azide) 
on ice for 15 min, and then stained with FITC- or Cy5-labeled anti-CCR5 (T227) (21), 
PE-labeled antrCXCR4 (12G5; BD Pharmingen, San Diego, CA), PE-labeled anti-CD4 
(Beckman Coulter, Fullerton, CA) or Cy5-labeled OKT*4 on ice for 30 min. The cells were 
washed three times in FACS buffer and fixed with 1% paraformaldehyde in PBS. Cells were 
25 analyzed on a flow cytometer, FACS Calibur, using the Cell Quest software (BD Pharmingen, 
San Diego, CA). The area of positivity was determined using an isotype-matched mAbs. 
Statistical analysis 

Data were analyzed using Student's ^test by using the Stat View-J 4.02 statistics 
program (Abacus Concepts, Berkeley, CA). 
30 (Results) 

Induction of human immune responses in SCID mice 

For the preparation of hu-PBL-SCID mice, SCID mice were generally engrafted 
with 2 X 10 7 fresh human PBMC by i.p. injection. In this study, we have attempted an 
intra-splenic (is) transfer of PBMC, and found that this method was superior to the general 
35 one with regard to efficient engraftment with human T cells and reduction of mouse death 
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caused by severe GVHD (data not shown). By using this i.s. transfer method, the number of 
PBMC required for initial inoculation could be reduced by 1 X 10 6 for generation of more 
than 5 X 10 6 human CD3 + T cells within 2 weeks (data not shown). In addition, these mice 
(hu-PBL-SCID-spl mice) produced higher levels of human Ig than those generated by the Lp. 
5 transfer. These findings indicate that human T and B lymphocytes inoculated into the mouse 
spleen are more efficiently activated than those inoculated into the peritoneal cavity. 

We tested whether the hu-PBL-SCID-spl mice can generate antigen-specific human 
immune responses. In the first trials, however, we failed to induce anti-OVA responses by 
subcutaneous immunization with OVA with Freund's adjuvant (data not shown). In the 

10 second trials, we attempted to immunize the mice with antigen-pulsed autologous mature 
DC generated from peripheral blood monocytes. Fresh PBMC (3 X 10 6 cells) from normal 
donors were transferred into the SCID mouse spleen together with autologous mature DC 
(5 X 105 cells) pulsed with OVA (100 fig) or AT-2-inactivated HIV-Ijr csf (containing 40ng 
p24). All the HIV-1 stocks used were prepared in autologous PBMC cultures in order to avoid 

15 contamination of allogeneic antigens. On day 5, the mice received an i.s. booster injection 
with the antigen-pulsed DC ( 5 X 10 5 cells/animal). After 5 days, the mice were examined for 
antigen-specific human immune responses (Fig. l). Sera from the DC-OVA-immunized mice 
showed significant human anti-OVA antibody titer (Fig.lA), and the lymphocytes from the 
mice responded to OVA by producing human IFN-gamma upon stimulation with APC in 

20 vitro (Fig. IB). Importantly, the DC-HIV-l-immunized mice showed human anti-HIV-1 
cellular immune responses (Fig.lC). The sera from these mice showed very low or no 
antibody against HIV-1 as examined by a western blot analysis (data not shown). 
Protection against HIV-1 challenge in vivo 

In order to examine whether the induced anti-HIV-1 immune responses are 

25 protective, these DC-OVA- and DC-HIV-l-immunized hu-PBL-SCID-spl mice were 
challenged i.p. with infectious R5 HIV-Ijr csf. After 7 days from the time of infection, mice 
were examined for HIV-1 infection by assaying for provirus in the lymphocytes and p24 
antigen of serum or supernatants of the lymphocyte cultures. Table 1 (see Fig. l) shows that 
all the mice immunized with DC-OVA were infected by the HIV-1. Surprisingly, the mice 

30 immunized with DC-HIV-1jr-csf were completely protected against the HIV-1 infection. 
Furthermore, the mice immunized with inactivated X4 HIV-1nl4-3 were also protected 
against the R5 HIV-1 infection. Similar results were obtained in the other three 
experiments using hu-PBL-SCID-spl mice reconstituted with PBMC from two other donors 
(Table 1 and data not shown). Based on these results, we speculated that the protection of 

35 the mice against R5 HIV-1 infection might be mediated by the CCR5 binding human 
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beta-chemokines MIP-1-alpha, MIP-1-beta and/or RANTES. However, the human 
beta-chemokine levels of the immune sera were lower than those required for suppression of 
R5 HIV-1 infection in vitro, and the sera from the DC-OVA-immunized mice also contained 
similar levels of these beta-chemokines (Table l: see Fig.l). 
5 Serum contains a suppression factor 

The levels of CCR5 and CXCR4 expression on the cell surface of human CD4 + T 
cells isolated from the DC-HIV-l-immunized mice (protected) were comparable to those from 
DC-OVA-immunized (unprotected) mice (Fig. 2A). This is in accord with the observation that 
10 the CD4 + T cells from protected groups were susceptible to R5 HIV-1 superinfection in vitro 
(Fig. 2B). These data suggest that the DC-based HIV-1 -immunization induces an anti-R5 
HIV-1 state in the animals without rendering the human CD4+ T cells intrinsically 
non-permissive to R5 HIV-1. Thus, we speculated that some soluble HIV-1 suppression factor 
might be involved. 

15 Pretreatment of R5 HIV-1 virus with the serum samples from the 

DC-HIV-l-immunized mice did not inhibit the HIV-1 infection (data not shown), suggesting 
that the factor is not directed against virus itself. Therefore, target PBMC were pretreated 
with the immune serum samples, and then infected with either R5 or X4 HIV-1, followed by 
washing and cultivation in IL-2*containing medium. Fig.3 shows that the sera from either 

20 DC-R5 HIV 1 or DC-X4 HIV-1-immunized mice, but not those from DC-OVA-immunized mice, 
strongly inhibited the productive infection of the PBMC with R5 HIV-1, but not X4 HIV-1, in 
vitro. As shown in Fig.4 the DC-HIV-l-immune serum was also suppressive to the other 
two R5 HIV-1 strains in PBMC, but not to X4 HIV-1 strains. The R5 HIV-1 suppressive 
activity was not reversed by a mixture of antibodies against the three beta-chemokines 

25 (Fig.4). The factor also suppressed macrophage infection with the three R5 HIV-1 strains, 
before viral DNA synthesis (Fig.5). The HIV-1 suppressive activity was neither associated 
with cell death nor was it MHC-restricted (data not shown). 

The R5 suppressive activity of the serum was heat-labile since it was lost by 
heating at 56*0 for 30 min, suggesting low or no involvement of HIV-1 neutralizing antibody 

30 or type-I IFNs. The average levels of human cytokines examined for the sera from the 
DC-HIV-l-immunized mice were: IFN-alpha, <10 pg/ml; IFN-beta, 20 pg/ml; IL-4, <10 pg/ml; 
IL-12, <10 pg/ml; IL-13, <10 pg/ml; IL-16, <10 pg/ml; TNF-alpha, <10 pg/ml; and TGF-beta, 
<10 pg/ml. These data indicate that the serum R5 HIV1 suppressive activity is mediated 
by some unknown cytokines of either human or mouse origin. 

35 Human CD4+ T cells produce the suppression factor 
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In order to define the origin of the suppression factor, human lymphocytes from 
DOHIV-1- and DC-OVA-immunized mice were fractionated into human CD4+ T and CD8+ T 
cell subpopulations by positive selection using antibody-bound magnetic beads, and 
restimulated in vitro with inactivated HIV-1 and OVA, respectively, in the presence of 
5 autologous APC. As shown in Fig.6A, the human CD4+ T cells from the 
DC-HIV-l-immunized mice produced the HIV-1 suppression factor, the activity of which was 
not reversed by the anti-beta-chemokine antibodies. The human CD8 + T cells also produced 
R5 HIV-1 suppression factor, but the suppressive activity was significantly reversed by the 
anti-beta-chemokine antibodies. Again, none of these samples were suppressive to X4 

10 HIV-1 infection. DC-HIV-l-immune CD4 + T cells obtained from the other hu-PBL-SCID-spl 
mice transplanted with PBMC from four different donors also produced the HIV-1 
suppression factor (Fig. 6B). Since the culture supernatants of OVA-stimulated human CD4+ 
T cells from the DC-OVA-immunized mice had no or low R5 HIV-1 suppressive activity (data 
not shown), this suggested that the human CD4 + T cells reactive to HIV-1 antigen are the 

1 5 major producers of the suppression factor. 

Partial characterization of the suppression factor 

The HIV-1 suppression factor produced in the DC-HIV-l-immune serum and the 
restimulated CD4 + T cell culture supernatants were further characterized. As shown in 
Fig.7A, the suppressive activity was lost by heating at 56°C for 30 min, was not absorbed to 

20 heparin-Sepharose columns, and was not reversed by the anti-beta-chemokine antibodies. 
Antibody neutralization assay in Fig.7B shows that the factor was not related to the 
CCR5-binding beta-chemokines, IL-4, IL-10, IL-12, IL-13, IL-16, MCP-1, MCP-3, TNF-alpha 
and TNF-beta. 

An estimate of the molecular size of the factor was made. The pooled sera from the 
25 DC-HIV-l-immunized mice and culture supernatants of the DC-HIV-1 immune CD4+ T cells 
were depleted of beta-chemokines by the heparin-Sepharose, and fractionated by serial 
centrifugation over different molecular sheaving filters. Fig.7C shows that the anti-HIV-1 
suppression factor was present in the >100 kDa fraction. Similar results were obtained in 
the analysis for the CD4+ T cell culture supernatants (data not shown). 
30 Supporting the notion that the present HIV-1 suppression factor does not belong to 

the CCR5-binding beta-chemokine family, the factor did not down-regulate CCR5 expression 
on monocytes (Fig.8A). In addition, as mentioned above, the factor did not affect CD4 
expression (Fig.8B). These observations show that the factor suppresses R5 HIV-1 infection 
without affecting HIV-1 receptor expression. 
35 (Discussion) 
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In the present study, we showed for the first time that immunization of the 
hu-PBL-SCID mice with HIV-l-pulsed mature DC protected the mice against R5 HIV-1 
infection, and that the protection was mediated by soluble factor(s) in the serum produced by 
human CD4 + T cells in response to either R5 or X4 HIV-1 antigen. To elicit the anti-R5 
5 HIV-1 status in the hu-PBL-SCID mice, it was necessary to immunize the mice at least twice 
with HIV-l-pulsed autologous mature DC by is. injection. The HIV-1 suppression was 
mediated by a noncytolytic mechanism. It appears that the production of the suppression 
factor is HIV-1 antigen-dependent, and that close contact between naive CD4 + T cells and 
HIV1 antigen presented by DC in the secondary lymphoid organs of mice facilitates the 

10 primary human anti-HIVl T cell immune responses. The advantage of direct inoculation of 
SIV antigen into the lymph nodes where mature DCs reside to induce protective immune 
response has been demonstrated in the simian system (22,23). Since PBMC specimens from 
five different healthy individuals produced the HIV1 suppression factor, it appears that the 
factor production is not influenced by MHC background. These observations, together with 

15 the finding that the suppression factor can be induced in a relatively short period (10 days 
from the initial immunization) indicate that the present DC-HIV-1 immunization protocol 
may be useful to induce an immediate protective status in humans. 

The induction of primary HIV-l-specific human immune responses in vitro (10,24) 
and in the hu-PBL-SCID mice (9,10) by DC-based immunization has been achieved. In all 

20 the cases, the key was the use of matured DC. The type-I IFNs or CD40L have been 
demonstrated to be DC maturation factors by which the expression of antigen-presenting 
MHC-class I and II molecules and the costimulatory molecule CD86 are upregulated. 
Unfortunately, it has not been reported whether the induced anti-HIVl T cell immune 
responses in these studies were protective against HIV1 infection in vivo. In the present 

25 study, we have also confirmed that the use of the HlVl-pulsed mature DC is essential for 
the induction of the anti-HIVl status in the SCID mice. Because the human CD4 + T cells in 
the DC-OVA immunized mice did not produce the suppression factor, this suggests that the 
priming of HIVl-reactive, naive CD4+ T cells by sufficient numbers of HIV-l-pulsed DC is 
essential for the factor production in vivo. It remains to be identified which antigen of the 

30 HIV-1 particle is responsible for the factor induction. The equal immunogenicity between R5 
and X4 HIV1 virions in the induction of the HIV1 immunity suggests that the V3 region of 
the env gpl20 and viral nonstructural proteins are not involved. Further studies on the 
reactivity of the HIV-l-immune CD4 + T cells against a panel of synthetic peptides of various 
HIVl proteins will help determine the identity of the immunogenic antigen. From a 

35 therapeutic aspect, it will be of interest to determine whether the factor can be produced 
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from CD4 + T cells from HIV- 1 -infected individuals upon HIV-1 antigen stimulation in vivo 
and in vitro. 

The mechanism for HIV-1 suppression by the present factor appears to be the 
inhibition of an early stage of virus infection. The preferential suppression of R5 HIV-1 in 
5 activated primary PBMC cultures and macrophages in vitro suggests that the factor may 
belong to CCR5-binding beta-chemokines. However, the facts that the concentrations of 
MIP-1-alpha, MIP-1-beta and RANTES of the DC-HIV-l-immune serum samples or the in 
vitro restimulated cell culture supernatants were too low to suppress HIV-1 in vitro, that the 
neutralizing antibodies against the three human beta-chemokines did not reverse the 

10 suppressive activity, and that the suppression factor was not absorbed by the 
heparin-Sepharose column, strongly suggest that the factor is not related to the 
beta-chemokines. Furthermore, the unchanged expression of CCR5 on macrophages or 
CD4 + T cells after treatment with the factor, diminishes the possible relationship between 
the factor and the CCR5-binding beta-chemokines. The other cytokines known to suppress 

15 R5 HIV-1 proliferation in primary macrophages are the Th2 cytokines, IL-4 and IL-10 (25), 
and the proinflammatory cytokines TNF-alpha (26) and IFN-gamma (27,28). However, the 
involvement of these cytokines for the present R5 HIV1 suppression is less likely since the 
blocking antibodies against these cytokines did not interfere with the suppressive activity in 
the present assay conditions. The involvement of human type-I IFNs, of which anti-HIV-1 

20 protective activity in the SCID mice has been demonstrated (29), is unlikely either, since the 
X4 HIV-1 infection of PBMC was not suppressed by the factor under the same experimental 
conditions. Another possibility is that anti-HIV-1 neutralizing antibodies and/or murine 
complements are involved. However, their contribution in vivo will be minimal, since of the 
suppressive activity of the HIV-l-immune serum was heat labile and fresh sera from the 

25 DC-OVA immune mice had no suppressive activity. 

The characteristics of the present HIV-1 suppression factor are also different from 
other, as yet undefined, HIV1 suppression factors. First, the present factor is mainly, but 
not exclusively, produced by DC-HIV-1 immune CD4 + T cells, while the so-called CD8 
antiviral factor (CAF) is produced by CD8+ T cells of HlVl-infected individuals, and CAF 

30 inhibits both R5 and X4 HIV-1 production at the level of viral transcription (30). It is 
important to note that the hu-PBL-SCID mice reconstituted with human PBMC of 
HIV-1 -exposed but uninfected individuals were resistant to both R5 and X4 HIV1 infection 
by a CD8 + T cell-dependent mechanism. However, it has not been reported whether the 
anti-HIV-1 effect was mediated by the CCR5 -binding chemokines or CAF. The high 

35 molecular size of the present factor argues against a relationship to the human defensin-al, 
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-2 and -3, which have recently been demonstrated to be produced by human CD8 + T cells 
and block both R5 and X4 HIV-1 infection of activated PBMC (31). Another CAF candidate 
is the modified form of bovine antithrombin III that is produced by CD8 + T cells of HIV-1 
infected individuals (32). This molecule is heat-stable, 40 kDa in gel filtration, suppressive 
to both X4 and R5 HIV-1 infection of cell lines, and thus clearly different from the present 
factor. Similarly, differences in molecular size and HIV1 selectivity in suppression suggests 
that the present factor is distinct from the secretory leukocyte protease inhibitor that is a 
potent anti-HIV-1 factor in saliva (33), and soluble polyanions such as dextran sulfate, 
heparin, or heparan sulfate, which interfere with CD4- and coreceptor-independent HIV-1 
attachment to the cell surface heparan sulfate proteoglycans (34). It has been shown that 
the induction of beta-chemokine-independent intrinsic resistance of CD4 + T cells to R5 HIV-1 
infection can be achieved in vitro by strong stimulation of CD4 + T cells with a combination of 
anti-CD3 and anti-CD28 (35). Furthermore, it has been shown that naive, but not memory, 
CD4 + T cells from HIV-l-negative donors become resistant to R5 HIV1 upon dual 
stimulation with anti-CD3 mAb and either anti"CD28 mAb or CD80 independently of 
CCR5-binding chemokines (36). Although these CD4+ T cells could suppress R5 HIV-1 
replication in activated memory CD4 + T cells, it remains unclear whether these stimulated 
naive CD4 + T cells secrete HIV-1 suppression factors identical to the present factor. 

In conclusion, the present study has demonstrated for the first time that a 
DC-based HIV-1 vaccination can induce HIV-1-reactive human CD4 + T cells which produce a 
yet-undefined R5 HIV-1 suppression factor in the hu-PBL-SCID mice, and thus suggests a 
rational basis for the DC-based immunization against HIV-1 infection in humans. 
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